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Abstract
 Synopsis of the thesis entitled "Synthesis of biologically active compounds from b-hydroxysulfoxide" is divided into five chapters. 
Chapter-1: Regio- and stereoselective bromohydrin formation from ?-hydroxy sulfoxides This chapter deals with the formation of bromohydrins from acyclic ?-hydroxy-?,?-unsaturated sulfoxides. Many natural products pose considerable synthetic challenge because of their stereochemical complexity. The development of new and efficient methods for the regio- and stereoselective synthesis of biologically active compounds is an active area of research. The sulfoxide group is widely used as a chiral auxiliary in numerous asymmetric transformations. The efficacy of the sulfoxide group in the stereoselective auxiliary-induced reactions is mainly due to the steric and stereoelectronic differences between the substituents of the chiral sulfur atom: a lone pair of electrons, an oxygen atom and two different carbon ligands. It is well known that sulfoxides participate as neighbouring groups in a number of reactions. Sulfoxide group participation in halohydrin formation from cyclic and simple acyclic olefins has been demonstrated, but its potential to produce highly functionalized products with stereochemical control at two adjacent centers in substituted acyclic olefins remains unexplored. It was therefore interesting to study the regio- and stereoselectivity of bromohydrin formation from allyl alcohols. The unsaturated ?-hydroxy sulfoxide precursors shown in Table 1 were prepared as an epimeric mixture in equimolar proportion and good yields by condensing the lithium anion of (R)-(+)-methyl p-tolyl sulfoxide 1 with the appropriate aldehydes 2 (Scheme-1). 


Scheme-1 a120_figureNO1.jpg" target="_blank"> Figure 
The isomeric b-hydroxysulfoxides [(R S,S C) and (R S,R C)] were separated by column chromatography and their configuration assigned unambiguously by comparison of coupling constants for the methylene protons attached to the carbon of the ?-hydroxy sulfoxide moiety. The unsaturated ?-hydroxysulfoxides were reacted with N-bromosuccinimide (NBS) and water in toluene at ambient temperature to afford the bromohydrins in moderate to high stereoselectivity in good yields. The regio- and stereoselectivity of the reaction can be rationalized by the intermediacy of the sulfoxonium salt formed by the nucleophilic attack of the sulfinyl group on the olefin p- complexed to the bromonium ion and subsequent hydrolysis by attack of water on sulfur (Scheme-2). Hence, in effect the configuration on sulfur gets inverted. Scheme-2 a120_figureNO2.jpg" target="_blank"> Figure As Table-1 indicates, the reaction is general for a variety of g,d-unsaturated sulfoxides. The phenyl group in the compounds 4, 4a, 4b, 11, 11a and 11b directs nucleophilic attack of the sulfinyl group to C-4 to afford, regioselectively products from 6-endo opening. The stereochemical assignments to the products were made by 13C and 1H NMR analysis of the spectra of the acetonides derived from the bromohydrins by treatment of the bromohydrins with 2,2-dimethyoxypropane and catalytic amount of camphor-10-sulfonic acid (CSA) (Scheme-3). Scheme-3 a120_figureNO3.jpg" target="_blank"> Figure Reaction conditions: (a) 2,2-DMP, Cat. CSA, acetone, 90% 
The 13C NMR data for acetonides of 1,3-diols and 1,2-diols were used for assigning their relative configurations. In conclution, bromohydrins have been elaborated from b-hydroxy-g,d-unsaturated sulfoxides regio- and stereoselectively via intramolecular sulfinyl group participation. The results point out to the generality of the reaction and the importance of the relative stereochemistry of the sulfinyl and the hydroxy groups on the stereo- and regiochemical outcome of the reaction. 
Chapter-II: Synthesis of 3-Amino-2-Hydroxy-4-Phenyl-(2R,3S)-butanoate This chapter deals with a brief account of the work carried out by the various research groups and present work toward the synthesis of 3-Amino-2-hydroxy-4-phenyl-(2R,3S) butanoic acid 1 (AHPBA). b-Amino-a-hydroxy acid derivatives are important because many of them occur in diverse natural and synthetic compounds possessing significant biological activity; for example in taxol (1), bestatin (2), microginin (3), HIV protease inhibitors, and renin inhibitors. 
a120_figureNO4.jpg" target="_blank"> Figure 
As a part of the programme aimed at the synthesis of biologically active molecules, it was decided to synthesize AHPBA. The retrosynthetic analysis is depicted below (Scheme-1). Scheme-1 a120_figureNO5.jpg" target="_blank"> Figure The synthesis of AHPBA commenced from the b-hydroxy sulfoxide 6 obtained by diastereoselective reduction (>95% d.e) of b-ketosulfoxide 5. The ?-ketosulfoxide 6 in turn, obtained by the condensation of lithium anion of the methyl-p-tolylsulfoxide with methylcinnamate. Treatment of the allyl alcohol 6 with NBS in toluene in the presence of water afforded the bromodiol 7. The bromodiol 7 on treatment with 2,2-dimethoxy propane in the presence of cat. amount of CSA yielded the acetonide 8 (Scheme-2). Scheme-2 a120_figureNO6.jpg" target="_blank"> Figure Reaction conditions: (a) LDA, THF, -78 oC, 70% (b) DIBAL-H, THF, -78 oC, 80% (c) NBS, H 2O, toluene, 80% (d) 2,2-DMP, acetone, 90% The amino group was introduced by nucleophilic displacement of bromine by treatment of 8 with NaN 3 in DMSO to yield azidoacetonide 9. Treatment of 9 with trifluroaceticanhydride (TFAA) in acetonitrile in the presence of Et 3N afforded the Pummerer intermediate 10, which without isolation was treated in the same vessel with aq. saturated NaHCO 3 and NaBH 4 to yield the alcohol 11. Oxidation of 11 proceeded without incident with PDC in DMF to afford the acid 12 which was characterized as its methyl ester 13. The ester 13 was elaborated to AHPBA as depicted (Scheme-3). Scheme-3 a120_figureNO7.jpg" target="_blank"> Figure Reaction conditions: (a) NaN 3, DMSO, 100 oC, 75% (b) TFAA, Et 3N, CH 3CN, 0 oC (c) aq. NaHCO 3, NaBH 4, 0 oC, 85% (d) PDC, DMF, r.t.; CH 2N 2, ether, 70% for 2 steps (e) CSA, CH 3OH, 85% (f) H 2, Pd(OH) 2/C, (Boc) 2O CH 3OH, 80% 
Chapter-III: Stereospecific synthesis of (+)-Preussin This chapter deals with a brief account of the work carried out by various research groups and present work toward the synthesis of (+)-Preussin 1. (+)-Preussin (L-657398), a pyrrolidine alkaloid isolated from the fermentation broths of Aspergillus ostraceus and subsequently from those of Preussia sp., has been shown to possess potent antifungal activity against both filamentous fungi and yeasts (Figure-1). Figure-1 a120_figureNO8.jpg" target="_blank"> Figure Earlier investigations have demonstrated the merit of the sulfinyl moiety as an internal nucleophile to functionalize olefins regio- and stereoselectively. The present work illustrates the potential of this methodology to access pyrrolidines through a synthesis of (+)-preussin. Due to its unique structure and potent bioactivity, preussin has attracted the attention of synthetic chemists. Almost all of them utilize chiral pool starting materials. The present approach to (+)-preussin is illustrated retrosynthetically (Scheme-1). It was envisioned that (+)-preussin would be obtained from the oxazolidinone 2 by reductive cleavage and subsequent reductive amination. Compound 2 would be derived from sulfoxide 3 by condensation with an acyl equivalent. The sulfoxide 3 would be readily obtained from the alkene 4. Scheme-1 a120_figureNO9.jpg" target="_blank"> Figure The synthesis commenced with the alcohol 4, which upon treatment with t-butyldimethylchloro silane afforded the silyl ether 5. Upon subjecting 5 to treatment with N-bromosuccinimide in toluene in the presence of water, the bromohydrin 6 was isolated, regio- and stereospecifically, as the sole product. The structure of 6 was confirmed by transforming it to the acetonide 8. Thus deprotection of the silyl ether and subsequent reaction of the resulting diol 7 with 2,2-dimethoxypropane in the presence of catalytic amounts of CSA afforded acetonide 8 (Scheme 2). Scheme-2 a120_figureNO10.jpg" target="_blank"> Figure Reaction conditions: (a) TBDMS-Cl, imidazole, CH 2Cl 2, r.t, 90% (b) NBS, H 2O, r.t, 80% (c) n-Bu 4NF, AcOH, THF, 95% (d) 2,2-DMP, cat. CSA acetone, 90% 
The next stage of the synthesis called for the introduction of the N-Me group. Thus, treatment of the bromohydrin 6 with methylisocyanate in the presence of Et 3N afforded the carbamate 9. The carbamate 9 on treatment with NaHMDS afforded the oxazolidinone 10(Scheme-3). Scheme-3 a120_figureNO11.jpg" target="_blank"> Figure Reaction conditions: (a) CH 3NCO, Et 3N, CH 2Cl 2, 85% (b) NaHMDS, THF, 0 oC, 70% The internal substitution strategy served not only to introduce the N-Me group but also served as protecting group for the hydroxy and the amino groups. The oxazolidinone 10 on treatment with buffered n-Bu 4NF afforded compound 11. The next step of the synthesis called for the introduction of the C 9 alkyl chain. Attempted acylation of b-hydroxysulfoxide 11 with methyl decanoate 12 or the acyl imidazole 13 afforded only starting material (Scheme-4). Scheme-4 a120_figureNO12.jpg" target="_blank"> Figure Reaction conditions: (a) n-Bu 4BF, THF, 0 oC, 90% Attempted acylation of the b-hydroxysulfone 15 with methyl decanoate did not afford any of the desired product (Scheme-5). Use of NaHMDS or KHMDS afforded the unsaturated sulfone 16 while treatment with LiHMDS led to intramolecular acylation to yield amide 17 (Scheme-5). Scheme-5 a120_figureNO13.jpg" target="_blank"> Figure Reaction conditions: (a) m-CPBA, CH 2Cl 2, 95% In attempts to elaborate amide 17 into preussin, treatment of amide 17 with nonylcerium chloride led to recovery of starting material most likely as a consequence of enolization. Attempted removal of the sulfonyl group proved futile. Thus reaction of compound 17 with Ra-Ni or Al-Hg led to recovery of starting material, while the Na-Hg reaction proved irreproducible (Scheme-6). Scheme-6 a120_figureNO14.jpg" target="_blank"> Figure As attempts to introduce the acyl group in an intermolecular fashion proved unsuccessful, attempts were made to introduce the acyl group intramolecularly. Compound 21 was obtained from the esterification of bromohydrin 6 with decanoic acid and DCC followed by treatment of the resulting ester with NaN 3 in DMSO to afford azido compound which was subsequently subjected to TBS group deprotection using n-Bu 4NF buffered with acetic acid in THF (Scheme-7). Compound 21 on treatment with LiHMDS afforded, only the hydrolyzed product 22. Compound 24 obtained in two steps from oxazolidinone 15 by treatment with Pd(OH) 2 in the presence of hydrogen atmosphere followed by decanoic acid, DCC coupling reaction, on subjecting to LiHMDS treatment returned unreacted starting material. Scheme-7 a120_figureNO15.jpg" target="_blank"> Figure Reaction conditions: (a) C 9H 19CO 2H, DCC, CH 2Cl 2, 95% (b) NaN 3, DMSO, 90 oC, 78% (c) n-Bu 4NF, THF, 0 oC, 90% (d) LiHMDS, 0 oC ? r.t, THF (e) Pd(OH) 2/C, H 2, EtOH, 100% (f) C 9H 19CO 2H, DCC, CH 2Cl 2, 90% (g) LDA/Li,K,NaHMDS, THF/THF, HMPA, -78 oC ? r.t. As the attempts to introduce acyl group on the b-hydroxysulfoxide or sulfone did not bear fruit, an umpolung approach was envisaged. The alcohol 26 derived from the sulfoxide 10 by Pummerer reaction followed by hydrolysis and subsequent reduction of the resulting aldehyde was transformed into the iodo compound 27 by treatment with triphenylphosphine and iodine. Attempted alkylation on the iodo compound 27 with dithiane anion did not yield any of the desired products. Likewise, alkylation with the dithiane anion on the triflate 28 derived from alcohol 26 led to a complex mixture of products (Scheme-8). Scheme-8 a120_figureNO16.jpg" target="_blank"> Figure The aldehyde 30 derived from sulfoxide 10 was condensed with the dithiane anion and the desired product 31 was isolated as an epimeric mixture of alcohols in equimolar quantities. The poor stereoselectivity in this reaction was of no consequence since the hydroxy group eventually needed to be removed. The synthesis of preussin was completed as depicted (Scheme-9). Scheme-9 a120_figureNO17.jpg" target="_blank"> Figure Reaction conditions: (a) TFAA, Et 3N, CH 3CN, 0 oC (b) aq. NaHCO 3, 70% (c) n-BuLi, THF, -23 oC, 2h, -78 oC, 98, 15 min., 70% (d) PhI(OCOCF 3) 2, 9:1 CH 3CN, H 2O, 80% (e) Ac 2O, Et 3N, cat. DMAP, CH 2Cl 2 90% (f) 6% Na-Hg, Na 2HPO 4, CF 3CH 2OH, 70% (g) 20% (w/w) Pd(OH) 2/C, H 2, EtOH, 90% (h) n-Bu 4NF, THF, 0 oC, 85% (+)-Preussin as synthesiszed above had physical characteristics in excellent agreement with that reported in the literature. 
Chapter IV: Toward the stereoselective synthesis of D-ribo-(2S,3S,4R)-Phytosphingosine This chapter deals with a brief account of the work carried out by various research groups and the present work toward the synthesis of ribo-(2S,3S,4R)-phytosphingosine. Sphingolipids are widely distributed in eukaryotic cell membranes, and have been demonstrated to regulate biological processes. The sphingolipids have long-chain bases as the backbone, i.e. sphingosines, dihydrosphingosines and phytosphingosines which are also bioactive. The finding that diastereomers of sphingosines and phytosphingosines (Figure-1) exhibit different activities suggests subtle biostereoselectivities. A great deal of effort has therefore been devoted towards the synthesis of sphingolipids for use in biological studies. Figure-1 a120_figureNO18.jpg" target="_blank"> Figure In continuation of the efforts aimed at the utilization of the pendant sulfoxide as an intramolecular nucleophile for regio- and stereoselective functionalization of olefins, synthesis of ribo-(2S,3S,4R)-phytosphingosine was envisaged. Ribo-phytosphingosine was envisaged to be elaborated by alkylation of b-hydroxysulfoxide 13 which in turn can be elaborated from bromohydrin 7. Bromohydrin 7 can be readily obtained from unsaturated ?-hydroxysulfoxide 6 (Scheme-1). Scheme-1 a120_figureNO19.jpg" target="_blank"> Figure The synthesis commenced with the condensation of the anion derived from R-(+)-methyl p-tolylsulfoxide 2 with the cis-aldehyde 3 to afford equimolar mixture of allylalcohol 4. Oxidation of 4 with Dess-Martin periodinane followed by diastereoselective reduction with DIBAL-H yielded compound 5 exclusively (de>95%) (Scheme-2). Scheme-2 a120_figureNO20.jpg" target="_blank"> Figure Reaction conditions: (a) LDA, -78 oC, THF 75%; (b) Dess- Martin periodinane, r.t., CH 2Cl 2; (c) DIBAL-H, THF, -78 oC, 70% (for 2 steps); The hydroxy group in compound 5 was protected as its t-butyldiphenylsilyl ether 6. Subjecting compound 6 to the treatment with NBS, H 2O in toluene as the solvent afforded bromohydrin 7 as the sole product. Bromohydrin 7 on subjecting to the TBDPS deprotection with n-Bu 4NF buffered with acetic acid afforded bromodiol 8 which when heated with NaN 3 in DMSO at 80 oC yielded the azido compound 9 (Scheme-3). Scheme-3 a120_figureNO21.jpg" target="_blank"> Figure Reaction conditions: (a) TBDPS-Cl, imidazole, CH 2Cl 2, 90% (b) NBS, toluene, H 2O, r.t., 80% (c) n-Bu 4NF, AcOH, THF, 85% (d) NaN 3, DMSO, 80 oC, 75% 
The next stage of the synthesis called for the introduction of C 13 alkyl chain. a120_figureNO22.jpg" target="_blank"> Figure Reaction conditions: (a) LDA, -30 oC, then -78 oC, add 12 warm to r.t.; (b) PPh 3, I 2, imidazole, THF 0 oC, 90% (c) m-CPBA, CH 2Cl 2, r.t., 90% As attempts to introduce the alkyl chain in sulfoxide 9 or sulfone 13 failed, the alkyl chain was envisaged to be introduced by exploiting the Pummerer reaction (Scheme-4). Scheme-4 a120_figureNO23.jpg" target="_blank"> Figure Reaction conditions: (a) Ac 2O, Et 3N, cat.DMAP, CH 2Cl 2, r.t., 90%; (b) NaN 3, DMSO, 70 oC, 75% (c) (CF 3CO) 2O, Et 3N, CH 2Cl 2, 0 oC (d) aq. NaHCO 3, NaBH 4, 75% (e) PhCOCl, Et 3N, cat.DMAP, CH 2Cl 2, r.t., 90% Attempts to isolate the aldehyde from the Pummerer intermediate 18/19/25 proved futile using different reagents. The alkyl chain was envisaged to be introduced by a Wittig olefination of the aldehyde. The reagents used include aq. satd. NaHCO 3, CuCl 2, HgCl 2. In order to avoid the migration of the acyl protecting group, the reaction was attempted on the acetonide 24 (Scheme-5). Scheme-5 a120_figureNO24.jpg" target="_blank"> Figure Reaction conditions: (a) 2,2-DMP, cat. CSA, r.t., 90% (b) (CF 3CO) 2O, Et 3N, CH 3CN, 0 oC; (c) aq.NaHCO 3; (d) aq.NaHCO 3, NaBH 4 Pummerer ene reaction in the presence of 1-tridecene and SnCl 4 as the catalyst on substrate 16, 17 and 24 met with failure (Scheme-6). Scheme-6 a120_figureNO25.jpg" target="_blank"> Figure Reaction conditions: (a) (CF 3CO) 2O, CH 2Cl 2, 1-tridecene, SnCl 4, 0 oC to r.t. Exploring further the positive lead, which leads to the synthesis of phytosphingosine, outlined below (Scheme-7). Scheme-7 a120_figureNO26.jpg" target="_blank"> Figure Reaction conditions: (a) K 2CO 3, MeOH, r.t., 90% (b) TsCl, Et 3N, CH 2Cl 2, 75% Efforts are in progress to elaborate 29 into ribo-phytoshingosine. 
Chapter-V: Formal synthesis of MeBmt, the key constituent of Cyclosporin A This chapter deals with the synthesis of MeBmt, an unusual aminoacid, component of the cyclosporin-A. Cyclosporin A is a cyclic undecapeptide isolated from the fungus Tolypocladium inflatium Gams., possessing immunosuppressive activity, thus preventing organ rejection after transplantation. The structure of cyclosporin is characterized by the presence of many N-methylated a-amino acids and a unique g-alkyl-b-hydroxy-a-amino acid, MeBmt 1. MeBmt itself doesn't show any bioactivity, however modification of the MeBmt moiety in cyclosporin greatly affects its immunosuppressive activity. As part of our ongoing project employing the sulfinyl moiety as an intramolecular nucleophile to stereo- and regioselectively functionalize allylic olefins and use the resulting bromohydrins as intermediates for the synthesis of bioactive target molecules, synthesis of MeBmt 1 was envisaged. By retrosynthetic analysis, MeBmt can be derived from the retron 2, the forward sequence would require chain extension by a propenyl cuprate followed by oxidation of the primary hydroxy group and hydrolysis of the oxazolidinone. The oxazolidinone 2 can itself be derived from bromohydrin 3 which in turn can be readily obtained from the olefinic substrate 4. In the proposed strategy, the methyl group would serve to introduce the other two chiral centres stereoselectively (Scheme-1). Scheme-1 a120_figureNO27.jpg" target="_blank"> Figure The synthesis began with the unsaturated ester 5, which was reduced with alane, generated insitu, to afford the primary alcohol 6. Oxidation of the sulfide with NaIO 4 afforded an inseparable equimolar mixture of sulfoxides 7, which was transformed into the silyl ether 8 by treatment with t-butyldiphenylsilyl chloride. No efforts were made to separate the epimeric sulfoxides 8, since the sulfur chirality was of no consequence in the subsequent steps of the synthesis. Treatment of the sulfoxide 8 with NBS in toluene in the presence of water afforded bromohydrin 9, the structure of which has been rigorously established. The product 9 has three stereocentres that are disposed both in a relative and an absolute sense as in MeBmt; the N-Me group therefore needed to be introduced by a double inversion procedure. Subjecting a methanolic solution of 9 to treatment with K 2CO 3 afforded the epoxide 10. Deprotection of the silyl group by treatment with buffered TBAF in anhydrous THF afforded epoxy alcohol 11. Reaction of the epoxy alcohol 11 with methyl isocyanate afforded the carbamate 12 (Scheme 2). Scheme-2 a120_figureNO28.jpg" target="_blank"> Figure Reaction conditions: LiAlH 4, AlCl 3, THF, 90% (b) NaIO 4, MeOH, H 2O, 90% (c) TBDPS-Cl, imidazole, CH 2Cl 2, 90% (d) NBS, H 2O, toluene, r.t., 75% (e) K 2CO 3, CH 3OH, 95% (f) n-Bu 4NF, AcOH, 90% (g) CH 3NCO, Et 3N, CH 2Cl 2, 85% At this stage of the synthesis, it was reasoned that, if the bromohydrin formation could be done on the allylic carbamate 13, two steps i.e., protection and deprotection of TBDPS group could be avoided in the synthetic sequence. Thus reaction of 13, prepared from alcohol 7 by treatment with methyl isocyanate, with NBS in toluene afforded exclusively, the bromohydrin 14 as an epimeric mixture within a period of 30 min. Subjecting bromohydrin 14 to treatment with K 2CO 3 in methanol afforded epoxy carbamate 12 identical to that prepared from the allyl silylether 8. Carbamate 12 on treatment with NaHMDS in THF as the solvent afforded, exclusively oxazolidinone 15. The oxazolidinone 15 was elaborated MeBmt 1 as depicted below (Scheme-3). Scheme-3 a120_figureNO29.jpg" target="_blank"> Figure Reaction conditions: (a) CH 3NCO, Et 3N, CH 2Cl 2, 85% (b) NBS, H 2O, Toluene, 80% (c) K 2CO 3, CH 3OH, 95% (d) NaHMDS, THF, 0 oC, 95% (a) Ac 2O, Et 3N, DMAP, CH 2Cl 2, 95% (b) TFAA, Et 3N, CH 3CN, (c) aq. NaHCO 3, NaBH 4, 75% (a) TsCl, Et 3N, DMAP, CH 2Cl 2, 85% (b) 1-propenylmagnesium bromide, CuI, THF, 70% (c) PhI(OAc) 2, TEMPO, CH 3CN, H 2O, 80% In conclusion, a novel, modular and stereoselective synthesis of MeBmt was achieved using pendant sulfoxide as an intramolecular nucleophile. 

























